Development of the Internet as a source of education opportunities has huge potential for nurses throughout the world, particularly those who do not have ready access to educational institutions and specialized expertise. By using the Internet, nurses with little opportunity for direct access to experts and evidence can enhance their knowledge and meet professional requirements for continuing education. Web-based instruction often is promoted as a panacea for learners around the world. In developing countries, there are limited numbers of highly qualified nursing academics, and it may be difficult for practitioners to access appropriate learning opportunities because of the distance they live from sources of education. Distance education, particularly Web-based learning, seems to be an attractive solution.
For Web-based instruction to be effective for nurses, a number of factors must be considered. Nurses must be familiar with computers, have reliable and affordable Internet access, and possess the skills necessary to use the Web. In North America, where computers and reliable Internet access have become common, nurse-learners who are new to computers or have problems accessing and using the necessary components of Web-based courses become anxious when they encounter problems with the required technology. 1 In developing countries, where computers are less common and affordable Internet connections are less available, the anxiety may be greater.
For nurses to benefit from Web-based instruction, it is necessary for educators to address the issues of access to computers and the Internet, as well as the readiness of potential nursing students to learn online. Ngor, 2 writing about the development of design courses for China, identifies issues of infrastructure and policy, access to information technology, attitudes of teachers and students, and full access to the Internet as factors to
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To increase continuing education accessibility, nurses around the world are turning to Web-based instruction. However, for Internet education to be successful, particularly in developing countries, nurses must have access to computers and the Internet as well as positive attitudes toward this form of learning. As part of a distance education project for nurses of the Tianjin Municipality in China, a survey of nurses was conducted to examine their sources of professional knowledge as well as their computer and Internet access and attitudes. The attitudes of the nurses were generally positive, and there was evidence of rapidly increasing use of and access to computers and the Internet. This article reports the results of that survey and their implications for Web-based teaching of Chinese nurses.
be considered before beginning electronic education. Chinese officials have identified technological development and access as priorities. 3 To be successful, potential learners also must be ready to use the technology for computer-based education.
Even if the conditions for reliable, affordable access to the Internet exist, other factors also must be considered in the planning of nursing programs. Nursing education and practice occur in the context of societies with great variations of culture, language, and healthcare systems. It is therefore important that nurses in Internet-based programs are able to learn in programs that take the social, cultural, and linguistic contexts of their practice into account.
Nurses around the world can access vast amounts of material via the Internet. Most of this material is in English, and much of it is from developed countries. Practitioners and students need support in integrating this information into the realities of their situation. It is important that nursing educators, particularly those in less developed regions, build capacity to create Webbased educational materials that are sensitive to nurses' particular practice contexts.
In 1989, the School of Nursing at the University of Ottawa in Ottawa, Canada, embarked on a 12-year project with the School of Nursing at the Tianjin Medical University in Tianjin, People's Republic of China. 4 Tianjin, located in the Northeast region of China, is the third largest municipality in the country. It has a population exceeding 9 million, residing in both urban and rural areas.
Funded by the Canadian International Development Agency, the project with Tianjin Medical University was designed to increase capacity for delivery of baccalaureate and graduate nursing education in China. One aspect of the project was development of distance education for nurses living in the outlying areas of the municipality. An audiographic teleconferencing system was established at four outlying sites within Tianjin Municipality to permit wider distribution of educational opportunities for registered nurses such as associate degree programs and specialized courses on topics such as gerontology and palliative care. 5 Use of the Internet could further expand access within and beyond Tianjin Municipality. Web-based courses, discussion groups, mail lists, Web sites, and hotlinks to other sites were identified as possible uses of the Web for nursing education in China.
In preparation for the development of such strategies, a research group of Canadian and Chinese partners decided it was necessary to identify the existing knowledge of nurses and their access to computers and the Internet in Tianjin. A Pan Asia grant from the International Development Research Center was obtained in 1999 to explore the possibilities. The data would be useful to educators initiating nursing distance education by Internet in China. The objectives of the study were to assess barriers and facilitators of Webbased distance education and to examine predictors of computer and Internet use among nurses in Tianjin Municipality. The predictors considered were: nurses' attitudes, knowledge, and skills in the use of computers and the Internet; nurses' access to computers and the Internet; and nurses' preferred sources of practice knowledge.
A survey was conducted among nurses in Tianjin Municipality to assess the existing facilitators of Webbased distance education as well as barriers to such education. This article reports the survey results and examines their implications for the planning of Web-based education opportunities for nurses in China and other developing countries.
METHODS
Two groups of registered nurses were randomly selected for the study: (1) nurses working in urban, periurban, or rural hospitals and (2) nurses studying in the associate degree program at Tianjin Medical University. In China, diploma-prepared nurses wishing to upgrade their qualifications to the university level enroll in an associate degree program. This group of students was chosen because there are few university-educated nurses working in the hospitals. As graduates, these nurses will be important participants in continuing education of the type proposed. For the hospital nurses, a multistage stratified random sampling procedure was used.
A list of all the government-run health facilities in Tianjin Municipality was created. On the basis of location, facilities were categorized into three groups: urban, periurban, and rural. A random sample of 10 hospitals was selected from each of the three groups.
Within each sampled institution, nurses were stratified into two groups: (1) staff nurses and (2) nurses in clinical teaching or management positions. Ten nurses were randomly sampled from each hospital: five staff nurses and five nurses in clinical teaching or management. In the second phase, all the nurses enrolled as part-time or full-time students in the associate degree program of Tianjin Medical University were sampled.
The survey instrument was developed and administered in two phases during 1999 and 2000. The respondents completed a written questionnaire that examined patterns of computer and Internet access and use, determined the preferred sources of practice knowledge, and documented sociodemographic characteristics. Existing instruments on sources of practice knowledge and on computer and Internet access and use were identified in the literature and on the Web. Four were selected:
Sources of Practice Knowledge 6 and Attitudes Toward Computers Questionnaires, 7 Computer and Internet Confidence Scales, 8 and the Computer and Internet Comfort Level Scales. 9 Minor modifications were made to enhance clarity and to reflect present circumstances. An Attitudes Toward the Internet questionnaire was developed with items that paralleled the Attitudes Toward Computers instrument. 7 The respondents were asked about 18 sources of practice knowledge. One item on this scale was changed from its original published version. 6 The original item listed magazines, television, and the Internet as media forms. In the current study, information from media was defined as magazines, television, and radio. The Internet was added as a separate item.
The multidimensional Attitudes Toward Computers Questionnaire 7 assessed four dimensions of attitudes: (1) comfort (feeling of comfort with the computer and its use), (2) efficacy (feeling of competence with the computer, (3) interest (extent to which participants are interested in learning about and using computers), and (4) utility (belief that computers are useful). The research team developed items for an additional dimension: affordability. The Attitudes Toward the Internet Questionnaire followed the same format and content as the Computer questionnaire, with the word "Internet" substituted for the word "computer," and one item, "It is too expensive to learn how to use computers," omit- A summary of all the instruments used in the study is provided in Table 1 . The questionnaire was prepared in English, translated into Chinese, back-translated into English, and then reviewed by colleagues in China for face validity. Ethics approval was obtained in Canada because at the time, Tianjin Medical University did not have an ethics committee. Surveys were distributed by mail and in person.
STATISTICAL ANALYSIS
For all statistical analyses, SPSS-PC was used. Descriptive analyses were performed to examine characteristics of the sample as well as patterns of computer and Internet use, and to summarize scores for scales. Psychometric properties of three scales (Sources of Practice Knowledge, Attitudes Toward Computers, and Attitudes Toward the Internet) were assessed on this sample of Chinese nurses using Cronbach's alpha and factor analysis. Bivariate and multivariate analyses assessed sociodemographic, knowledge, and attitudinal predictors of computer and Internet use, for both use in general and use at work. Both 2 statistics and independent t tests were used to compare the sociodemographic, knowledge, and attitudinal characteristics of computer and Internet users and nonusers. Logistic regression models were used to examine predictors of computer and Internet use. The outcome variables for the models were defined as experience using a computer or the Internet (yes or no response). Collinearity among predictor variables was assessed. Age was found to be correlated highly with work experience and excluded from subsequent analyses. Predictor items with a P value of 0.25 or less were included in preliminary logistic regression models.
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With the exception of English language reading ability level, all demographic predictors were entered as categorical variables. Household income was coded as a categorical variable (less than 400, 401-500, 501-700, 701-1000, or more than 1000 yuan per month), and current employer was coded as university, city, suburban hospital, or county hospital. Students were included in the university category of employer because they were considered as having access to computers in that setting. The remaining predictor variables (English, sources of practice knowledge, attitudes toward computers, computer and Internet comfort, and confidence levels) were entered as continuous variables.
Models were run using a stepwise procedure. Model testing proceeded until a nonsignificant was obtained.
RESULTS
Of the 498 nurses who completed the questionnaire, 291 (58%) were hospital-based and the remainder were associate degree students. The vast majority (n ϭ 489, 97%) were women, and 445 (89%) were younger than 40 years. In terms of earnings, 270 (54%) reported an average household monthly income of 700 yuan or less (less than $100US). Most (n ϭ 281, 56%) were staff nurses, and one fourth (n ϭ 114) listed student as their work status. The majority (n ϭ 156, 72%) were prepared at the associate or baccalaureate degree levels, and 36 (7%) reported good or excellent English language reading skills. Ratings of typing skills produced similar reports, with 62 nurses (13%) reporting good or excellent English typing skills and 72 nurses (15%) reporting good or excellent Chinese typing skills.
One fifth (n ϭ 100) reported that they had participated in distance education during the preceding 5 years, with paper-based (correspondence) courses the most frequently cited delivery method. The sources of practice knowledge questions showed that the most frequently chosen sources were information learned in nursing school (n ϭ 339, 68%), textbooks (n ϭ 279, 56%), and clinical experience (n ϭ 219, 44%). Information from the Internet (including online journals) (n ϭ 4, 1%) and information from software or compact disk (CD) databases (n ϭ 5, 1%) were the least commonly cited sources.
Patterns of computer use and access showed that three fourths of the respondents (n ϭ 370, 74%) reported computer use. Of these, 256 (72%) had begun using a computer in the preceding 12 months. Among those who had experience using computers, 122 (24%) had used a computer at work, although only 66 (19%) had used this work computer on a daily basis. Computer use was most frequently reported at work, followed by use at home, at school, and in public places (eg, Cybercafé). Education/learning and entertainment were reported as the main purposes for computer use at home, and education/learning and work/business were the main purposes for computer use at work. As reported, 115 of the respondents (23%) owned a computer and 78 (16%) planned to purchase a computer within the next 6 months. Friends, family members, and colleagues were identified as the main sources of technical knowledge or assistance with computers.
Internet use was reported by 82 respondents (17%). Among this group of users, 61 (79%) had been using the Internet for less than 1 year. Only 45 nurses (55% of the Internet users) reported access to the Internet at work, whereas a smaller number (n ϭ 21, 26%) had access to the Internet at home. Limited access was indicated by the fact that only 38 (46% of the Internet users) had their own e-mail address. Eight nurses (10% of the Internet users) reported sending or receiving email on a daily basis. One fourth of those using the Internet reported doing Internet searches in either English or Chinese on a weekly basis. Internet access was most frequent at home, followed by public access centers (eg, Cybercafé), school, and work. Telephone lines were the most common means of connecting with the Internet. Family members and friends were the main sources of technical knowledge or assistance for Internet use. The average monthly costs of Internet access were 53 yuan at home, 13 yuan at school, and 26 yuan at a public location.
Attitudes toward computer use were generally positive. Three hundred forty-nine (70%) respondents indicated that they would be able to learn how to use a computer, and 386 (77%) indicated that learning about computers would be worthwhile. Some barriers were cited. Two thirds of the respondents (n ϭ 332) thought computers were too fast; 106 (22%) indicated that a computer was too expensive to own; and 170 (34%) indicated that they were eager to learn computer skills, but would have no opportunity to use such skills.
The respondents were more tentative in their assessment of the Internet. Fewer than half (n ϭ 241, 48%) agreed with the statement, "Learning about the Internet is (would be) a worthwhile and necessary project." Ex- pense and lack of opportunity were identified as barriers to learning Internet skills. Responses to computer and Internet comfort and confidence scales indicated higher levels of anxiety related to Internet than to computer use. Confidence scores were higher for using computers than for using the Internet. The psychometric properties of the Sources of Practice Knowledge, Attitudes Toward Computers, and Attitudes Toward the Internet were assessed. Except for the affordability subscale of the Attitudes Toward Computers and the Internet scales, all the subscales had adequate to excellent levels of reliability (Cronbach's alpha, .70 to .87) ( Table 1) . A three-factor solution emerged for the Practice Knowledge scale: formal, informal, and media sources.
The results of bivariate analysis showed that overall computer use was significantly associated with the type of job (nurse teachers and students more often reported using a computer than either staff nurses or nurse managers), age (younger respondents more frequently indicated that they used a computer than older respondents), education level of both father and mother (higher education of either parent was associated with a higher rate of use), and level of English reading ability (those with better English language reading skills were more likely to report computer use) ( Table 2 ). Similar predictors were found for reported computer use at work, except for the education level of either parent. A higher education level was not associated with computer use at work. However, a higher average household income level was associated with more computer use at work. Similar predictors were found for overall reported Internet use. Internet use at work was significantly associated with work experience. The rates of use were highest for those with 11 to 15 years of work experience (Table 3) .
Those who used computers had more positive attitudes toward computers, lower levels of anxiety toward computer use, and more confidence in their use of computers than those who did not. However, on the Internet scales that asked similar questions, there were few differences in these measures between Internet users and nonusers.
Logistic regression analysis showed several predictors of computer use. The nurses with lower levels of household income, those who preferred using formal sources of knowledge to inform clinical practice, and those who reported lower comfort levels (anxiety levels) in using the computer were less likely to report computer use. Those who worked in a university, those who were students, and those with high computer confidence scores were more likely to report computer use (Table 4) . (Father's education, while significant in bivariate analysis, was excluded from logistic regression analysis due to the number of cases with missing data.)
Models for examining predictors of Internet use (at work or home) were constrained by the small percent- age of respondents who reported using the Internet. In preliminary modeling, significant predictors were the father's level of education, current employment, media as a source of practice knowledge, and confidence using computers. Because of the small numbers, independent models for examining predictors of Internet use at work could not be tested.
DISCUSSION
Accessibility and adequate development of online opportunities will be necessary to make the Internet a useful means for wide distribution of education opportunities for Chinese nurses in Tianjin Municipality. There are indications that things are changing rapidly in access to computers and acceptance of them. Attitudes toward computers were positive, and although 256 (51%) of the respondents had been using the computer for less than 1 year, 78 (16%) planned to purchase a computer in the next 6 months.
Other factors that may need to be considered are acceptance of distance education for delivering nursing knowledge and nurses' use of the Internet and computerbased information as sources of practice knowledge. The Chinese nurses cited the Internet and computer-based materials as their least used sources of practice knowledge. This response may reflect a lack of access or negative attitudes toward gleaning information from such sources. There is heavy reliance on nationally prescribed textbooks in Chinese university education. When the Chinese nurses' reported sources of practice knowledge were compared with a those reported by a sample of Canadian nurses, 6 the Chinese nurses were more likely to report a textbook as an important source (ranked 2nd by the Chinese and 11th by the Canadian nurses). The Canadian nurses were more likely to identify in-services and conferences as important sources of practice knowledge (ranked 15th by the Chinese and 4th by the Canadian nurses). Both groups assigned low rankings to the categories of "articles published in nursing research journals" and "articles published in nursing journals." Undergraduate students in China have very limited access to journal articles, and continuing education opportunities for Chinese nurses also have been limited.
Multivariate analysis showed that certain factors were related to computer use as opposed to Internet use. Those who used formal sources of knowledge were more likely to use computers, whereas the use of media as a knowledge source was a predictor of Internet use. The father's education, and therefore probably his income and access, were predictors of computer use, comfort, and confidence.
Internet use is at an earlier stage of technology diffusion than computer use among Chinese nurses. Although few nurses currently can access Web-based instruction and benefit from it, the situation in China is predicted to change rapidly as the necessary infrastruc- ture and greater Internet stability are developed. Attitudes toward computer and Internet use are generally positive, but financial and accessibility barriers influence both attitudes and patterns of use. With the majority of household incomes lower than 700 yuan ($100US) per month and access charges at home averaging 53 yuan, the cost of linking to the Internet represents a large proportion (7.6% or more) of these families' incomes. Because the Internet is mainly English-based, and a low proportion of respondents were comfortable with reading and typing in English, development of Chinese resources for nurses will be important for success. To realize the potential for the Internet as a vehicle of continuing education for nurses, training in the use of computers and the Internet is essential. Even in North America, many nurses have difficulties with computer and Internet use and require technical and personal support to succeed in Internet courses. 1 It will be necessary to ensure support for Chinese nurses in both rural and urban locations as a help for them succeed in using the Internet to learn. With friends, family, and colleagues cited by the Chinese nurses as the major sources for technical support in using computers and the Internet, a strategy for diffusion of skills could involve targeting nurses who have these supports as initial trainees. They could then, in turn, support a second cohort of nurses who lack these home resources.
Use of computer technology as a means for delivering continuing education requires learners with positive attitudes and the necessary skills for accessing and participating in their courses. They also must have easy access to computers and the Internet as well as stability in the system. Problems with Internet access and maintenance of connections for learners create frustrations and negative perceptions of this delivery method.
Chinese officials project exponential increases in the use of the Internet. 10 Government support and emphasis on technological progress will facilitate the development of an environment for nurses suitable to access Internet learning. With increased technical capacity throughout China, nurses who seek to use the Internet as a source of continuing education will soon find more reliable connections and improved accessibility. They will need culturally and linguistically appropriate materials to go with these.
CONCLUSION
Nurses worldwide are beginning to turn to the Internet for educational opportunities. In many countries, nurses have limited access to education and expertise because of their distance from education providers, the concentration of experts in particular locations, and life demands that limit mobility. Distance education via the Internet offers enormous potential for meeting such nurses' desire to maintain and increase competence through education and their access to information. However, before relying on this method of delivery, it is important to assess the existing and potential access of nurses to computers and the Internet and their comfort level. It also is important to develop the capacity of local educators to meet the contextual requirements of effective nursing education for any particular national or cultural group. If online professional upgrading for nurses is to succeed, educators, employers, and governments must foster technological access and abilities. Nurses also must be ready and willing to assume the challenges presented by a new learning environment. Educators must develop skills to use a new medium while recognizing practical limitations and cultural sensibilities. When these conditions are met, the enormous potential of the Internet will be realized. Nursing educators will be able to access global resources and respect local needs.
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